Proteomic analyses are being increasingly used to identify protein changes accompanying changes in cellular function. An advantage of this approach is that it is largely unbiased by prior assumptions on the importance of each protein in the process under investigation. Here we have evaluated the protein changes that accompany the enlargement, or hypertrophy, of cardiomyocytes in culture. We have taken the additional step of comparing the changes that accompany a concentric hypertrophic phenotype stimulated by endothelin-1 exposure and an eccentric hypertrophic phenotype stimulated by leukemic inhibitory factor exposure. Following separation of the protein extracts by two-dimensional gel electrophoresis and staining with colloidal Coomassie Brilliant Blue, we identified 15 protein spots representing 12 proteins that changed in response to endothelin-1. In comparison, 17 protein spots representing 17 proteins changed in response to leukemic inhibitory factor, and 35 protein spots representing 28 proteins did not change under these conditions. Importantly the well established marker of cardiac pathology, atrial natriuretic factor, was identified as a protein up-regulated by both endothelin-1 and leukemic inhibitory factor (2.4 ؎ 0.8-and 2.2 ؎ 0.3-fold, respectively). However, nine of the observed protein changes occurred for only endothelin-1, whereas 11 of the changes occurred only with leukemic inhibitory factor exposure. These two different stimuli are therefore able to elicit unique changes in the protein expression profile of cardiac myocytes. This is consistent with the differences in morphologies noted as well as the different signaling pathways utilized by these different stimuli. Cardiac hypertrophy is a compensatory response of the heart to increased hemodynamic load. This enables the normal maintenance of cardiac output through an increase in the size of the individual cardiomyocytes and an overall increase in cardiac mass (1). Two morphologically different forms of hypertrophy are produced in response to increased hemodynamic load. Pressure overload, as observed during hypertension and aortic stenosis, produces a "concentric" form of hypertrophy that is characterized by the parallel addition of new sarcomeres. This results in increased cardiomyocyte length, increased cardiomyocyte width, and increased ventricular wall thickness (2). In contrast, volume overload as induced by chronic aortic regurgitation and mitral regurgitation produces an "eccentric" form of hypertrophy. Volume overload-induced eccentric hypertrophy is characterized by the addition of new sarcomeres in series, resulting in an increase in individual cardiomyocyte length and ventricular dilation (3).
Cardiac hypertrophy is a compensatory response of the heart to increased hemodynamic load. This enables the normal maintenance of cardiac output through an increase in the size of the individual cardiomyocytes and an overall increase in cardiac mass (1) . Two morphologically different forms of hypertrophy are produced in response to increased hemodynamic load. Pressure overload, as observed during hypertension and aortic stenosis, produces a "concentric" form of hypertrophy that is characterized by the parallel addition of new sarcomeres. This results in increased cardiomyocyte length, increased cardiomyocyte width, and increased ventricular wall thickness (2) . In contrast, volume overload as induced by chronic aortic regurgitation and mitral regurgitation produces an "eccentric" form of hypertrophy. Volume overload-induced eccentric hypertrophy is characterized by the addition of new sarcomeres in series, resulting in an increase in individual cardiomyocyte length and ventricular dilation (3) .
Changes in cell morphology resembling those observed during increased pressure and volume load can be induced in vitro by stimulating cultured neonatal cardiomyocytes with various growth factors and cytokines (4) . These cultures therefore provide a robust system in which the effects of various hypertrophic agents can be studied. G-protein-coupled receptor agonists including endothelin-1 (ET-1), 1 phenylephrine, and angiotensin II induce a form of in vitro hypertrophy comparable to that observed during pressure overload with cardiomyocytes exhibiting increased diameter due to the addition of new sarcomeres in parallel (5) (6) (7) . In contrast, cytokines such as leukemic inhibitory factor (LIF) and cardiotrophin-1 that belong to the interleukin-6 family signal through the transmembrane gp130 protein to induce a form of hypertrophy resembling that produced during volume overload. Here cardiomyocytes increase in length due to the addition of sarcomeres in series (4, 6) .
The defining molecular characteristics of cardiac hypertrophy include the increased synthesis of protein, the reorganization of sarcomeric proteins, and the re-expression of fetal cardiac genes including atrial natriuretic factor (ANF) (8 -10) . These changes are mediated following the activation of signaling cascades that act on various transcription factors and ultimately regulate gene and protein expression (11) . Although the molecular events leading to the development of cardiac hypertrophy have not been fully elucidated, it is clear that cardiac hypertrophy is not exclusively regulated by a single signaling pathway. Instead different pathways may be used by different hypertrophic stimuli (12) . For example, several different signaling cascades are activated following stimulation with ET-1. These include the protein kinase C pathway (13) , the phosphatidylinositol 3-kinase pathway (14) , and the three mitogen-activated protein kinase pathways that include the extracellular signal-regulated kinases (ERKs), the c-Jun N-terminal kinases, and the p38 mitogen-activated protein kinases (15) . Some of these changes such as activation of the phosphatidylinositol 3-kinase pathway (16) and the ERK and p38 mitogen-activated protein kinases (6) also follow the exposure to LIF; however; the Janus kinase/signal transducer and activation of transcription pathway is also rapidly activated following exposure of cardiomyocytes to LIF (17) .
Despite widespread investigation, it is not clear which signaling pathway(s) plays critical roles in mediating concentric hypertrophy and eccentric hypertrophy. Recent in vivo and in vitro evidence suggests that activation of the mitogen-activated protein kinase/ERK kinase (MEK)1-ERK1/2 pathway is crucial in the development of concentric hypertrophy (15, 18) and that activation of the MEK5-ERK5 pathway mediates eccentric hypertrophy (19) . These results imply that distinct signaling pathways regulate the development of concentric hypertrophy and eccentric hypertrophy. Consequently differential patterns of gene and protein expression could be associated with concentric hypertrophy and eccentric hypertrophy. In this study we have examined the protein expression profiles associated with concentric hypertrophy induced by ET-1 and eccentric hypertrophy induced by LIF in vitro. Two-dimensional gel electrophoresis (2DE) and LC ESI-MS/MS reveal that distinct protein expression profiles are associated with in vitro concentric hypertrophy and eccentric hypertrophy. This approach therefore has the power to define changes that either act as mediators or markers of each form of cardiac hypertrophy.
EXPERIMENTAL PROCEDURES
Isolation and Culture of Neonatal Cardiomyocytes-Cardiomyocytes from neonatal (1-day-old) Sprague-Dawley rats were isolated as described previously (20) . Cells were resuspended in Dulbecco's modified Eagle's medium:M199 (4:1) containing 10% (v/v) horse serum, 5% (v/v) heat-inactivated fetal bovine serum, 10 M cytosine ␤-D-arabinofuranoside, 5 mM creatine, and 80 units/ml penicillin/ streptomycin and preplated for 45 min to remove non-cardiomyocyte cells. For 2DE analyses cardiomyocytes were plated onto gelatincoated 85-mm dishes (8 ϫ 10 6 cells in 6 ml) and cultured for 18 -24 h before the medium was changed to serum-free Dulbecco's modified Eagle's medium containing 5 mM creatine and 100 units/ml penicillin/streptomycin. The cardiomyocytes were cultured in serumfree medium for 24 h prior to treatment with either ET-1 (100 M) or LIF (10 ng/ml) for 48 h.
Immunofluorescence-Immunofluorescence measurements were performed as described previously (6) .
Experimental Design for 2DE-Primary cultures of neonatal cardiomyocytes were exposed to either control conditions, ET-1, or LIF in parallel culture. In addition, control and ET-1-and LIF-treated cultures from one experiment were simultaneously submitted to all steps of 2DE, including extraction, isoelectric focusing, SDS-PAGE, Coomassie Brilliant Blue staining, and quantitative analysis, so that variability between samples could be minimized.
Sample Preparation for 2DE-Medium was removed from the culture dishes, and cardiomyocytes were briefly rinsed (Ͻ10 s) twice with double deionized water before the addition of lysis buffer (300 l) containing 7 M urea, 2 M thiourea, 4% (w/v) CHAPS, 1% (v/v) IPG buffer pH 3-10 (Amersham Biosciences), 40 mM DTT, 2 g/ml aprotinin, 5 g/ml leupeptin, 1 mM benzamidine, 10 g/ml E64, and 1 mM EDTA. Samples were sonicated (5 ϫ 1-s bursts) and left at room temperature for 2 h and then 4°C for 4 h before centrifugation (80,000 ϫ g for 30 min at 4°C). The supernatant was removed, assayed for protein concentration (Bio-Rad protein assay kit), and stored at Ϫ80°C.
2DE-ReadyStrip
TM IPG strips (pH 3-10, 18 cm, linear, Bio-Rad) were rehydrated overnight with 350 l of sample (1 mg) that had been diluted into lysis buffer. First dimensional protein separation by isoelectric focusing was performed at 20°C using an IPGphor TM isoelectric focusing system (Amersham Biosciences). The following isoelectric focusing protocol was used: a linear increase to 300 V over 2 h followed by a linear increase to 8000 V over 4 h after which the voltage was held at 8000 V until a total of 240,000 V-h had been reached. The total run time of 240,000 V-h was optimized with respect to protein spot migration and resolution. After isoelectric focusing the IPG strips were stored at -80°C.
Immediately prior to SDS-PAGE, IPG strips were equilibrated for 25 min at 25°C on an orbital shaker in equilibration buffer (6 mM urea, 2% (w/v) SDS, 300 mM Tris/HCl (pH 8.8), 10% (v/v) glycerol, 2.5% (v/v) acrylamide, and 7.4 mM tri-n-butylphosphine). Following equilibration, IPG strips were embedded in a 0.1% (w/v) agarose solution containing a trace amount of bromphenol blue on top of 1-mm thick 4% (v/v) stacking gels above 10% (v/v) polyacrylamide gels.
SDS-PAGE was performed in an Ettan Daltsix electrophoresis system (Amersham Biosciences) at 2.5 watts/gel for 30 min followed by 25 mA/gel until the bromphenol blue front was 0.5 cm from the bottom of the gel. The separated proteins were visualized by Coomassie Brilliant Blue staining (1.8 M ammonium sulfate, 34% (v/v) methanol, 3.1% phosphoric acid, and 0.6% (w/v) Coomassie Brilliant Blue (G-250)) for 24 h. Stained gels were destained in deionized water for 16 -18 h, scanned with an ImageScanner TM (Amersham Biosciences), and then soaked in a solution of 20% (v/v) ethanol and 5% (v/v) glycerol before being dried in a Hoefer® SE 1200 Easy Breeze TM air gel-drying system (Amersham Biosciences) according to the manufacturer's instructions.
Quantitative Analysis of Differential Protein Expression-Scanned gel images were analyzed using ImageMaster® 2D software (Amersham Biosciences). In brief, for an individual experiment each protein spot was manually matched between control and ET-1-and LIFtreated gels and assigned a number (spots 1-62). The volume of each protein spot was then manually determined using the "grow peaks" function, and the background surrounding each protein spot was manually subtracted using the "mode of non-spot" function. The volume of each protein spot was normalized by dividing by the total gel volume. Normalization diminished the inherent experimental variability associated with 2DE that is caused by factors such as different protein loading between gels. Differentially expressed cardiomyocyte proteins were defined as those proteins that consistently increased or decreased in abundance in three or more independent experiments. Therefore only differences that were found to be present in all of the analyzed gel pairs were considered (21) . Each independent experiment involved culturing cardiomyocytes from three or more groups of neonatal hearts. Within each experiment, protein expression of cardiomyocytes treated with either ET-1 or LIF was compared with an untreated control. Protein samples from separate experiments were not pooled for 2DE analysis as this would have obscured the biological variability of the experimental system. The variability in spot intensity between 2DE gels was assessed by calculating the coefficient of variation for protein spots from control gels and was calculated as being 56 and 74% for protein spots that were changed and unchanged during hypertrophy, respectively.
In-gel Trypsin Digestion of Cardiomyocyte Proteins-Protein spots were manually excised from the gels and cut into 1-mm 2 pieces with a scalpel. Gel pieces were then destained by rinsing three times in 25 mM ammonium bicarbonate in 50% (v/v) acetonitrile (45 min for each rinse) before being dried at 50°C for 20 min. Gel pieces were then subjected to in-gel digestion for 16 h at 37°C in 30 l of digestion solution (12.5 g/ml trypsin in 25 mM ammonium bicarbonate). Peptides were extracted from gel pieces using vigorous shaking at room temperature using a modification to the method of Wilm and colleagues (22) . Briefly 30 l of 25 mM ammonium bicarbonate was added to the digestion solution mixture for 15 min before the addition of 30 l of 100% (v/v) acetonitrile for another 15 min. Following removal of the supernatant, the extraction procedure was repeated two more times with 5% (v/v) formic acid in 100% (v/v) acetonitrile. The supernatants were pooled, and the sample was dried in a SpeedVac. Extracted peptides were dissolved in 20 l of 2% (v/v) formic acid. 
Protein Identification by LC ESI-MS/MS-LC ESI-MS/MS analyses

RESULTS
Confirmation of Concentric and Eccentric Cardiomyocyte
Hypertrophy-Cardiomyocyte hypertrophy induced by either ET-1 or LIF was characterized by an increase in cell size when cells were viewed by phase-contrast microscopy ( Fig. 1A) . When these cells were fixed and subjected to staining for ANF and actin, an increased number of cells displayed perinuclear ANF staining and an increased level of actin organization within internal sarcomeric structures ( Fig. 1B and Table I ). In addition to these changes, cell area was found to increase by ϳ50 -160% (Table I) . ET-1 stimulated a concentric form of hypertrophy with an increased length and width of cardio- 
FIG. 1. Effect of ET-1 and LIF on cardiomyocyte area and ANF expression.
Cardiomyocytes were cultured on either gelatin-coated 60-mm dishes (A) or laminin-coated coverslips (B) in serum-free medium for 24 h before treatment with either ET-1 (100 nM) or LIF (10 ng/ml) for 24 h. A, phase-contrast microscopy was used to visualize cardiomyocyte morphology. B, cells were fixed and stained for ANF (red), actin organization (green), and nuclei (blue) and viewed by confocal laser microscopy.
myocytes and the parallel addition of sarcomeric units, whereas LIF induced an eccentric form of hypertrophy with cardiomyocytes displaying a marked increased in length (Fig.  1) . These results confirmed that, under our culture conditions, ET-1 and LIF stimulate morphologically distinct forms of cardiomyocyte hypertrophy.
Protein Separation and LC ESI-MS/MS Identification-Despite being a relatively insensitive dye, Coomassie Brilliant Blue has a wide linear range (23) and therefore broad quantitative capacity, and it is for this reason that Coomassie Brilliant Blue was used to detect protein spots in our study. When extracts of cardiomyocytes were resolved by 2DE and then stained with Coomassie Brilliant Blue, more than 100 protein spots were visualized over the pI range of 3-10 and the molecular mass range of 14.3 to Ͼ220 kDa (Fig. 2 ). Of these, 62 protein spots were clearly and reproducibly resolved when multiple independent samples from control, ET-1-treated, and LIF-treated cardiomyocytes were subjected to analysis (Fig. 2) . We used LC ESI-MS/MS to identify each protein by peptide fragmentation because we found that peptide mass fingerprinting could not unambiguously identify many of the proteins in our samples. 2 On Fig. 2 we have indicated both the spot number and identity of each protein of our cardiomyocyte extracts. The 62 protein spots were then analyzed for differential FIG. 2 . 2DE of neonatal rat cardiomyocyte proteins. Solubilized proteins (1 mg) were separated by isoelectric focusing on ReadyStrip IPG strips (18 cm, pH 3-10) followed by SDS-PAGE on 10% polyacrylamide gels. Arrows indicate protein spots that changed in abundance during ET-1-or LIF-induced hypertrophy. Lines indicate proteins spots that did not change in abundance during either ET-1-or LIF-induced hypertrophy. SOD, superoxide dismutase.
protein expression following the exposure of cardiomyocytes to either the concentric hypertrophic stimulus ET-1 or the eccentric hypertrophic stimulus LIF. The results of these analyses are shown in Table II for ET-1-treated cardiomyocytes  and Table III for LIF-treated cardiomyocytes. We also include in Table IV an analysis of those protein spots not changing in response to either stimulus, thus providing a more complete proteomic map of cardiomyocytes.
Changes in Response to the Concentric Hypertrophic Stimulus ET-1-Fifteen protein spots representing 12 different proteins were present at different levels in ET-1-treated cardiomyocytes (Table II) . Eight of these protein spots were present at higher levels in ET-1-treated cardiomyocytes, ranging from 1.5-to 3-fold increases. Most notable among these up-regulated proteins were the small heat shock protein ␣B-crystallin (3-fold increased) that is highly expressed in the heart (24) and that has been implicated in cardioprotection (25) and the hormone ANF (2.4-fold increased) that is a robust molecular indicator of cardiac pathologies including, but not restricted to, cardiac hypertrophy (26) . The remaining seven protein spots were present at lower levels in ET-1-treated cells with levels that were 1.2-2.6-fold lower than the control cardiomyocytes (Table II) . Of these proteins, nucleic acid binding factor pRM10 was the most substantially decreased (2.6-fold lower). Although the function of this protein remains unreported, it is most similar in structure to a murine CC(A/T-rich) 6 GG (CArG)-binding factor-A (as annotated in the NCBI database (NCBI accession number BAA14181)) that acts as a transcriptional repressor (27) .
Changes in Response to the Eccentric Hypertrophic Stimulus LIF-When a similar proteomic analysis was undertaken in LIF-treated cardiomyocytes, the abundances of 17 protein spots representing 17 different proteins were found to be changed (Table III) . Thirteen of these protein spots were present at higher levels in LIF-treated cells, ranging from 1.3-to 4.7-fold increases. Most notable among these up-regulated proteins was mesoderm development candidate 2 (4.7-fold), a protein of unclassified function, but also up-regulated albeit to a lesser extent in response to ET-1 (2.8-fold; Table II) . ANF was also up-regulated in response to LIF (2.2-fold), again consistent with its previous implications in cardiac pathology (26) . Three protein spots were consistently down-regulated by 1.6 -2.3-fold in response to LIF. Interestingly two of these (spots 2 and 23) contained proteins associated with the con- tractile apparatus (tropomyosins and myosin). The third down-regulated protein spot contained Hsp27, a chaperone protein implicated in protection of myocytes isolated from adult hearts (25) . A comparison of the data presented in Table III with that in Table II indicates that only three protein spots were identified to change in a similar fashion when hypertrophy was induced in cardiomyocytes following exposure to ET-1 or LIF. These spots (indicated as Footnote a in Tables II and III) Tables II and III) . Specifically one form of Hsp60 (spot 16) decreased in ET-1-treated myocytes but increased in LIF-treated myocytes, whereas clathrin light chain (spot 28) decreased in ET-1-treated myocytes but increased in LIF-treated myocytes. These results suggest that hypertrophic stimuli, as exemplified by ET-1 and LIF that are able to elicit different hypertrophic morphologies, also appear to result in changes in the levels of different subsets of proteins. Taking the results of Tables II and  III together, 27 protein spots were reproducibly changed in response to ET-1 or LIF. An additional 35 protein spots representing 28 different proteins were reproducibly present but did not change in response to the hypertrophic stimuli, and these are summarized in Table IV . The major functional class represented by these proteins was cytoskeletal (9 of 28) with most of these proteins forming the sarcomeric structure of striated cardiac muscle. Other functional classes represented included those involved in energy and metabolism (6 of 28), chaperone functions in the cell (5 of 28), and protein processing and nucleic acid synthesis (5 of 28). Only one protein was of unclassified function, one protein has anti- oxidant properties, and one is considered to act in signal transduction.
Proteins That Do Not Change in Abundance in Response to the Concentric Hypertrophic Stimulus ET-1 or the Eccentric Hypertrophic Stimulus LIF-
DISCUSSION
Apart from the initial proteomic studies of heart failure using human and animal models (28 -30) , very few recent studies have evaluated a global proteome of the cardiomyocyte. Instead, as outlined by Vondriska and Ping (31), many have now chosen to define the cardiac proteome as an integration of multiple functional subproteomes, each organized to perform a unique function. For example, subproteomes such as the cardiac mitochondria have been assessed (32) as have signaling modules including protein kinase C (33) and phosphoproteomes following ␤-adrenergic stimulation (34) . In those cases where a global proteome has been assessed, only a relatively small number of protein changes have been noted, and an even smaller number of proteins actually have been identified. For example when right atrial tissue from patients with dilated cardiomyopathy have been compared, 25 statistically significant changes were noted, and only 12 of these proteins have been identified (Refs. 35 and 36, and for a review, see Ref. 37) . Furthermore, despite the widespread acceptance of the neonatal rat cultured cardiomyocyte system as an in vitro model to study the events of cardiac hypertrophy (10, 38, 39) , there is a surprising paucity of studies evaluating global protein changes in these cells. In three studies, long term adrenergic stimulation has been evaluated (40 -42) , but only in the latter of these were proteins identified. Proteins present at higher levels included myosin light chain 1 and myosin light chain 2 atrial isoforms, chaperonin cofactor a, nucleoside diphosphate kinase a, and Hsp27, whereas mitochondrial matrix protein p1 and NADH:ubiquinone oxidoreductase 75-kDa subunit were decreased.
Our study therefore is the first to present a global proteomic analysis of cardiomyocytes following exposure to two hypertrophic agents, ET-1 and LIF, highlighting both the similarities in their responses but also the significant differences in the protein profile. Several aspects of the analysis and interpretation of the proteomic data as well as the implications of the data in understanding the hypertrophic process are discussed in the following sections.
Analysis and Interpretation of Proteomic Data-2DE followed by mass spectrometry has proven to be most successful in the analysis and identification of abundantly and moderately expressed proteins (43) . For accurate comparisons of protein levels, 2DE requires that each individual protein spot highlighted via protein staining procedures contains only a single protein and furthermore that all proteins are resolved as single rather than multiple protein spots.
In our study, LC ESI-MS/MS analyses has revealed that one differentially expressed protein spot (spot 2) was comprised of two distinct proteins, tropomyosin 4 and tropomyosin 5. This co-migration was consistent with the similarity in both molecular mass and pI values for tropomyosin 4 and tropomyosin 5. We therefore could not determine whether either or both of these proteins were down-regulated in response to LIF. Our interpretation of LC ESI-MS/MS analyses was further complicated by the appearance of several proteins in multiple protein spots on 2DE gels with only 46 of the 62 spots being represented by distinct proteins. Differentially expressed proteins represented by more than one protein spot included Hsp60 (present in protein spots 7, 14, 16, and 27) , Hsp27 (present in protein spots 30 and 32), MLC2 (present in protein spots 46, 48, and 49) and ␣B-crystallin (present in protein spots 41, 42, and 43) . We therefore could not determine whether changes in the total abundance of any of these proteins had accompanied the hypertrophic events in the presence of ET-1 or LIF. In previous studies of cardiac proteomics, MLC2 has been resolved as a group of protein spots (42, 44, 45) as has Hsp27 (46) . In the case of Hsp27, previous studies have also indicated that some spots increased in dilated cardiomyopathy, whereas others decreased possibly as a result of enhanced degradation in heart failure (47) .
The appearance of proteins as multiple protein spots in our present study could reflect the presence of similar isoforms of these proteins, or alternatively these different forms may arise from post-translational modifications such as phosphorylation, glycosylation, or proteolytic cleavage. In support of the possibility that proteolytic cleavage contributes to some of the different protein spots identified, spots 23 and 25 were also found to contain fragments of MHC6 and MHC7, respectively. These protein fragments were indicated by the differences between experimental and theoretical molecular mass values (MHC6 experimental molecular mass ϭ 31,841 Da, theoretical molecular mass ϭ 223,370 Da; MHC7 experimental molecular mass ϭ 30,619 Da, theoretical molecular mass ϭ 222,945 Da). Because the detected peptides only covered amino acids in the C-terminal regions of MHC6 and MHC7, this suggests the proteolytic cleavage and loss of the N terminus of each protein. Our results are also in agreement with previous studies that have demonstrated that MHC from heart and skeletal muscle resolves as fragments during 2DE (45, 48) .
Apart from these differences in molecular mass noted for MHC6 and MHC7, experimental molecular mass and pI values generally compared well to corresponding theoretical values because molecular mass differences did not exceed 10,000 Da, and pI values did not differ by more than 1.0 pH unit. However, there were several notable exceptions. Six proteins were found to have higher than expected experimental molecular mass values. These included reticulocalbin 3 (spot 6), nucleic acid binding factor pRM10 (spot 15), clathrin light chain (spot 28), RIKEN cDNA 1110005A23 (spot 26), and histidine triad nucleotide-binding protein (spot 62). Similarly the experimental pI values of nucleic acid binding factor pRM10 (spot 15) and ANF (spot 47) were lower than the expected pI values. Post-translational modifications such as phosphorylation and glycosylation may account for the observed differences between experimental and theoretical mo-lecular mass and pI values, although glycosylation is most commonly associated with secreted proteins. Heterogeneous nuclear ribonuclear protein D-like protein (spot 17) displayed lower than expected molecular mass and pI values, which may be due to post-translational cleavage of the full-length protein. Although the reasons for these differences remain to be defined in future studies, these results do highlight that 2DE provides additional checks on protein identification that are not possible in other separation techniques such as ICAT and multidimensional protein identification technology (Mud-PIT), which rely solely on identification of proteins following their fragmentation into smaller peptides (49, 50) .
Distinct Patterns of Protein Expression during ET-1-induced Hypertrophy and LIF-induced Hypertrophy of Cardiomyocytes-
The results of a number of studies have suggested that a "fetal gene program" underpins the hypertrophic responses of the heart (8 -10). This suggests that there is a conserved program of gene expression and thus a conserved series of protein expression changes that accompanies cardiomyocyte hypertrophy. However, the application of global analyses such as proteomics together with microarray analyses has the power to test this hypothesis. In the only direct comparison of cardiac hypertrophy as a result of four different interventions, namely overexpression of protein kinase C-⑀ activation peptide, overexpression of calsequestrin, overexpression of calcineurin, and overexpression of G␣ q , only ANF was commonly regulated (51) . In our present study, LC ESI-MS/MS analyses of the 62 protein spots results revealed that 9 and 11 proteins were differentially expressed during ET-1-induced and LIF-induced hypertrophy, respectively. Wbscr1, mesoderm development candidate 2, peroxiredoxin 3, and ANF were increased during ET-1-induced hypertrophy, whereas nucleic acid binding factor pRM10, clathrin light chain, fertility protein SP22, and RIKEN cDNA 573043I03 were decreased. LIF-induced hypertrophy was associated with increases in reticulocalbin 3, dimethylarginine dimethylaminohydrolase 1, clathrin light chain, mesoderm development candidate 2, calmodulin, ANF, Hsp20, cvHsp, Cu,Zn-superoxide dismutase, adenylate kinase 1, and nucleoside diphosphate kinase 1. Only two proteins, ANF and mesoderm development candidate, were co-regulated during concentric and eccentric hypertrophy. The abundance of one form of Hsp60 (spot 7) was increased during both ET-1-and LIFinduced hypertrophy; however, we were unable to determine whether the total abundance of this protein was increased during both forms of hypertrophy because Hsp60 was represented by multiple protein spots. Clathrin light chain was differentially expressed during both forms of hypertrophy but not co-regulated because its abundance was decreased during concentric hypertrophy and increased during eccentric hypertrophy.
Interestingly several proteins that changed in abundance during ET-1-or LIF-induced cardiac hypertrophy in vitro, MLC2, Hsp60, Hsp27, and ␣B-crystallin, have also been shown to change in human/animal models of heart disease (Refs. 28, 44, 47, and 52-54; and for a review, see Ref. 55 ). That more similarities in protein expression were not found is not surprising given the differences in factors such as duration of the hypertrophic process (long term in human/animal models of heart disease versus short term in our in vitro study).
Taken together, at least in this in vitro model of cardiac hypertrophy, our findings suggest that concentric hypertrophy and eccentric hypertrophy are associated with distinct patterns of protein expression. These results are consistent with the different signaling pathways that regulate concentric hypertrophy and eccentric hypertrophy (15, 18, 19) . Furthermore neither concentric hypertrophy nor eccentric hypertrophy was associated with a specific change in a distinct functional group of proteins. Instead differentially expressed proteins were from a wide range of functional classes and included proteins involved in signal transduction, protein folding (chaperones), endocytosis (vesicular proteins), antioxidant defense, maintenance/alteration of cellular structure (cytoskeletal proteins), hydrolase activity, and energy metabolism. The hypertrophic response, even in this simple in vitro system, is therefore accompanied by a complex series of protein changes. It remains to be evaluated which of these changes are essential for the hypertrophic response or which may contribute to the known cardioprotective actions of ET-1 or LIF (56, 57) . Newly emerging technologies of RNA interference will likely help evaluate these outstanding questions.
